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\ ABSTRACT

This report describes the results of exposurea to H vepor of men
wearing ordinary clothing and unprotected except for masks and, in some !
cases, protective shorts, .over a wide range of exposwre conditions, Various ©
methods for the evnluation of the results obtained are presented and dis- A L

cussed, i
¥

The severity and locetions of burns from a given CT of H vapor
were nmarkedly influenced by the temperature of exposures At low tempera-
tures (70® F.,) active sweat secretion and H vapor burns were predeminsnb- ;
1y in the axillary and genital regions. At high temperatures (90° F.), b
both matbg end H vepor burns were gereralized, The threshold tempero- §
ture for generalized sweating, and consequent increaséd susceptibility to = 0 Y
- H vapor, wns approxirmately 85° Fe for lightly clothed, resting men. T
Variation in relative hmidity had the most prom\mcod effect on suscepti- L

bility to H vapor at 85° F. -
: cpe ol

Cond:.uloning of the men before exposure, eitkor artificially or T v

because of climatic conditions, had o significant effect on the reactions 1o H

produced from exposurc to H vapors Suppressn.on of swcating by application
of olwnimm chloride to the axillae prior to exposuro, reduced the soverity v
of the resulting H bwnse The epplication of lanolin to tho skin prior to .
exposurc had no effect on the resulting H burns, whereas wetting of the skin :
with artificinl sweat increased the severity of the burns, .

PR R R

The scrotal region was the most vulnerable aren of the body to . T )
H vopor and would be the most irportent ereu in ths production of casua.ltios. _ S
It wos found that ulcercted and crusted losions of the penoserotal reg:.on
required from three to four weeks to heal with the men at bed rest.

[rm——— .

KEY WORDS

Aluminum Chloride, Antiperspiants, Chamber tests, Humaﬁ subjects

‘H vapor, Mustard gas, Chemical warfare, Chlothing, Erythema, Exposure,
Humidity, Persistance, Contamination, HN v.apor, Impregnated chlothing
Lanolin, Levenstein H, Nitrogen mustard, Physiological effects, ?

‘Texic agents, Vesicants.
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THTRODUCTION

Ae  Authorization.

1. This work was authorized under Project No. 547/41, "faintenance, Bureau
of Ships" dated 16 Decomber 1940. The problems which were propoced for
study vere given in BuShips letter $-S77-2(Dz), serial 811 of 17 December
1940,

2e¢  Participation of voluntecer Naval persormol in tests for the study
of vesicant gasec was approved by the Secrctary of the Navy (Acting Sece
Nave 1tr. to OSRD dated 8 Moy 1942)e Performance of such tests at the
Havel Rescarch Laboratory was epproved by the Chief of the Burcau of
Kedicine "and Surgery (Buiicd ltr Scrial Noe 446 X:0A ALL/E10(430320)(SC)
dated 20 lorch 1943),

B. Staterment of Problen

3¢ This investigntion wae undertoken to determine the effect of H vapor
at different concentrations, and «t various conditions of terperature and
rolative hunidity, on men wearing ges masks and ordinary c¢lothing, The
results obtained would serve tiio purposcs, namely, & more corplete know-
ledge of ‘the effects which would be cxpccted fron an H attack in the ficld,
and elso, by comparison with other chamber data, o more adequate cvaluction
of the protcction afforded by diffcrent types of protcctive clothing under
diverse conditionse During the course of the investigation, it became
cvident that it wvould be vorth-while also to determine the extent of sweat-
ing of difforent arcas of tho body under various conditions of temperaturo
and relative humidity and to corrclate thoe results with those obtained by
exposurc to H vepor under the scme conditionse

!

Ce EKnovm Facts Bearing on the Prcblen.

4. It has gencrally been recognized that whon men aro exposed to H vapor:

(1) oOrdinary clothing offers very litile protection;

(2) Increase in CT, by increasing cither tho concentrcotion of the
agent or the timo of exposure, incrcasos the severity of the
skin reaction; :

(3) At o given concontration, more severe reactions occur at higher
tomporatures and humiditios, in swmer, and during exercise;

(3) In ony individual, morked differences oxist in the suscepti-
bilitics of many of the body regions; and

(5) There is also considersble variation in the susceptibilitics of

different individualse

Se Little prceiso information pertinent to the above statements or the
rmechanisns involved has beon availables However, it is suggested in ruch
of the available litorsture that, dircetly or indircetly, the suscepti-
bility of the skin to H vapor is closely rclated to the sweating processe

.64 In CeDe (Australia) Report oe 40 dated 22 Moy 1944, it is stoted thot
men oxposed in the charmber to H vapor at CT 150-200, 90° F., end 62-85% RH,
roceived sovero generalized erythemze The men wore regulor clothing and
wero sweating profuscly during exposuro so that théir clothing was satura-
ted with swoat. Exposure at similar CTs ot 70° F., 66~95% RH, affccted

- ]l
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mainly the neck, axillse, and scrotum, but two-thirds of the men showsd
generalized erythema. The skin of these latter men wes described as

damp and the clothing as dry. All subjects performad moderate exercise
while in the charber. The writers concluded that temperature played en
importent part in detormining the severity of the lesions but thot, within
the renge tested, humidity played no significant roles In CeDe (Australin)
Report Ko. 41, dated 19 May 1944, it is stated that exercise of the subjects,
during field or chamber exposuro to H vapor, plays en important part in
increasing the soverity of tho leslofs.

7. Experiments carrisd out at Porton indicated that the important factor
in increasing the susceptibility is the moisture present on the skin sur~ |
face, but no correlation was found bstween skin tesperature and physiologiw

cal effectse

8. By means of exposires of hman forearms on the vapor train et UCTL,

Dr. Simon Black, et al, have demonstrated thet H vepor in moist air caused
much more sovere reactions than H vepor in dry air at eny given CT. = Sweat-
ing sicin was found to be somewhat more suscept’ble than non-sweating, but
the difference was slight compared to thre increased susceptibility when

the H vapor was in moist air rathor than in d-y (GSRD Report Noe 3544,

dated 30 August 1944).

9. In CuDeReE. (India) Roport Noe. 285, dated 23 November 1944, it is re-
portod that two men, wearing tropicel battledress suits and CC=-2 Lprognated
shorts, wore exposod in a chambor to H vapor at en integrated CT of 750
(7216 minutes), 87° F,, and 84 RH. Tho mon who had been exercising so
that thoir clothing wns sweatesaturatod at the timo of entry into the chanme
ber, sustained gonoralized second dogree burns with edemn and vesication
and wero both incapablo of furthor military dutics for four hours to four-
teon days aftor oxposurce '

10, At the University of Chicago Toxicity Laboratory, studics have bteon
nade of the vesicancy of HN3 smokes on the foroorm hold in the wind tumncl
(NDRC, Division 9, Informal Monthly Progress Report Noe Sed=1-23 datod

10 Doccmber 1944)s $ince active sccrotion of swoat lowors electrical ree
sistanco of tho skin, skin rosistanco moasuroments were tokon. ®In any
single run it wos possidlo to predict which man would develop moro sevoere
reactions on tho basis of skin rosistance meoasuremontse Tho predictions
are much losa rellable betwoon runs and do not appear to bo usoful betwcen
profusoly sweating obsorvers and those ot tho incipiont swoating level."

11, In Porton 1601 A(V,].SSB) dated 7 Fobruary 1945, chamber tests on roste
ing moen (prosunably not showing’ goneralized swoating) at even highdr CTs
(CT 1190 (T=85 mimites), 58° Fo, 697 RE and CT 1860 (T= 60 mimitos, 47° F.,
57% RH] aro reported. Intemse roactions wore observed on the necks and
oxilloo, ond edomn and vosication of tho penis ocourred in most of the mone
Reactions on the rost of the body wero mich mildér. Similar rosults wore
obtainod with CT 1170 (T= € 1/2 Minutes), §8% F., 59% RH, end it wus con-
cluded "thot tho rulo CT=donctant had boon domenstratod with sufficient
acouracy” for men wearing plain clothing, )
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12, In OSRD Report Noe 6169, "Observotions on the Role of Water in the
Susceptibility of Human Skin to Vesicont Vapors", dated 12 ppril 1945,
Renshaw hos roviewed the litercturs pertinent to ths mechanisn by which
srcating skin is moré susceptible to H vapor snd has pe rforned some
original cxperiments, He found that the skin of tho orms of men who
woro nolvisibly swoating suffered a greater injury from ¥ vopor {applied
by vapor cups) if tho ekin were wet with a £ilm of distilled water ot the
time of vopor exposurc than if the skin were "wwotted" or "dry". Ine
creased susceptibility wos not obeerved if ths wotted skdin wore allowed
to dry bofore exposure to H vopors Wotting the skin ofter H vopor expow
surc did "not markedly influcnce the severity of the injurics which sube
soguently developed". XNo morked difference was found if the skin were
wettod with 4% NaCl instord of distilled water. Tt was concluded that
tho présence of wanter on cnd in the surface layers is, to o considerablé
dogree, responsiblo for the well known hoightencd susceptibility of hot,

gweating sldn to H vopore

13, Recont man-charber tests conducted by Lte Comdr. Jo Fo Troxel, ¥C.
Usl(Ret. ), ot UCTL (Informal Roport Nos NeSe 1, dated 15 April 1545),

vhich aré especinlly signiffcont because of tho large ‘mumbors of subjacta
erployed, demonstrated that, at any givon temporaturo, an increese in re-
lativo hmidity resultéd in an incroased sovority of roaction to H vapor

at CT 100, Convorsoly, at any constant relativo hunidity, o risc in tome
perature also rosulted in an incroasod sovoritye Tho grectost incrcase in
sovority for a 10° Fe rise in tcmporatwre occurred botwoen 80° F. and 90° F

D. Thoorotical Considorotions

14,  Recording end evzluntion of data. Almost every grow studying the
effects of vosicants on human volunteers employs a difforent  system of
nomenclature, recording, dnd ovaluation of data. While a more wniform
mothod would be desirable, it is'also evident that particular problens
involve difforont considerations, cege studies on unprotected men as
compared with those in vhich protoctive clothing is worn and studies oa
small ekin areas ne carpored with those in which total man exposurc is

employod, v A

16« This problom has boen cogently discussod by the Physiology Section of
AsFeEeS, under Lte Cole Fe Gorrill in Phys/C/5, an interim discussion "on
Roporting Results of Humat Exposurc to Vesicant Vapor?, dated 25 Jamuary
1945, 1In this discussion, it is rccommended that tho body surface be
dividod into a given muwber of anatomical regions and scoring bo dono "on
the bosis of maximm losion sustained by tho subject in any given arca,
irrespectivo of tho time at which it occurs', :

. 16+ In CeDe Australia 55, by Lte Sincleir datcd 18 October 1944, tho
cffects wnder tropical conditions of E vepor from CT 50 to 765 on 98 men
wder varying conditions of exposurs tinc, tomperaturc, and RH have beon
.considorods -Loslons for each arca havo boon evaluated by o coofficient
vhich ¢orbinos incidence and sovority (mumber of men effcctoed in that
reglon x tho mcan coore por losion)s This mothod was usod for o given
roglon, but was not used to assoss tho total soverity of rcaction of a
grouwp of non under spocific conditions of temperaturc and R,

m&-
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17. A similaer system has been in use at NRL which combines incidence and
severity for a regions The average sum cf this product for all the
regions represents the total damnge index for a given set of conditions.
Recently it has been found desirable to increase the number of body sube
divisions described in taking readings although these may be condensed
later to facilitate comparismn with older data.

18+ Tho index for a given reglon should probebly teke the following
factors into nccount: _

(1) Intensity of reaction

(2) Arca of skin represented by a region
(3) Casualty effect

(4) Regionnl susceptibility

(5) Individual variation

19. Intensity of reoctions The scale of readings used at this Laboratery
hag developed graduslly and while the terminology is somewhat clumsy, it
has been found sotisfactory for subsequent tronslation into mmerical
voluese Since nmost of the studies in this report involve no damage greater
than a severe erythcms (excopt for the axillae and gonital region) it is
evident that the description of severity is quite different than for the
more severe effects observed by the Australion groupe It would bo ideal
to incorporaté the time to reach maximm severity end the healing timo

into en indox, but tho camplexity introduced indicates it is better to
treat those factors deseriptively.

20, Arsa of gkin represornted by o rescion. It is well known that tho
total skin aroa involved is highly important in thermal burns (and probably
for chemical burns) in dotermining the degree of shock produceds Ths .
striking difforences in arca involved in reactions to mustard vopor ot
high and low temperotures made it evidont that it would be desirable (for
spocial studies) to introduce a factor woighting areas so that regions of
totally different arcas like the thigh and axilla would not be weighted
equally in the indexs The factors used in the present report are highly
erbitrary, but have been holpful in sxprossing the areca offecte It is
felt that tho moximm roading for auy area is ndequate and that it would
be impractical to atterpt to delimit tho readings any furthers

2ls Casunlty effoct. Casunlty offcct would be o dosiro.ble and most
proctical factor in on indexs It has been impossible to cvaluate this in
the presoat work excopt on a descriptive basise ‘Host of the experiments
in this gerios did not rosult in truc cosunltice, oxcept thoso which
caused lecsions of tho axillac ond scrotum which will be dizcus:ed belowe
Outstanding studics in the evaluation of casunltics with great practical
importance have boen carricd out by tho Australion growpe

22+ Regionnl susceptibilitye It would be ideal if the threshold CT ro=
quired So produce erythoema and vesication were uccuratcly knowa for each
region undor a givon set of conditionss It would be of intersst to know
if tho ratio of erythoma lovol to vosication level is constant for differ-
ont rogions. Adequate dota are not avoilable to ascertain thise

4w




23, Individunl varistion. A simple test to predict how & given individual
will react to H vapor has not been developede The influence of this
vorisble must still be minimized by using es many men as possible in each -

test. i

Es Previous Work Don:e gt this Laboratory.

24, ¥RL Report No. P-2208 deted 22 December 1945 countains e description of

" the design and operation of e chamber for exposing human subjects to kncwa

concentrations of H vapor under controlled conditions of temperature and
huniditye FRL letters to BuShips, C-8$77-2(459-K57C), Cw459-604 dated 20
Octobor 1944 and CmS77=2(459-17C/JAH), C-459~119/45 dated 10 Merch 1945,
ineclude e preliminary report on the effects of CT, temporature, end relative
huidity on the reactions of men’exposed to H vapor when weering ordinary
clothing, In the prosent report, &il the basic tosts with H wapor carried

cut at this Leboratory to May 194C, are sumorized.
EXPERTMENTAL PART
Purt I = Procedurc,.

A. Basic Tgsts with H Vapor.

25, Basic tests, as defined at this Laboratory, are tests with vesicant
vapors carried out on men wedring ordinary clothing and wprotected excopt
for masks and, in som2 cases, protective shorts.

(1) Genere) Procedurc for Basic Tostse

26, Tost subjecte., Tho men used in thusc tests were volunteer Naval per-
somnel from USNTC, Bainbridge, Marylond, and wors usunlly scauen seccnd
class, from eightoon to twenty yoars of ago who had Just campleted their
Bhoot" trainings Most of their hemes were in tho Atlantic Seaboard States,
both north and south of Washington, De Ce All men rocoived a routine
physical snd laboratory exomination (blood and urino) ond enly those

. approved by & modical officer participated in the oxperimentse At tho end
" of the tosts, the mon were granted spocial leave and an entry was made in

théir scrvice rocords attosting thoir attor donco at this activity. Reoent-
1y, nuthorization has been grantod for the commanding officer to give come
mondation to espccinlly doserving individunlse

27, Clothing, During chambor exposure, tho men wore stundard issue skivvy
shirts and Nainsook shorts, wotch caps, blue denim shirts, dungaree pants,
standard socks and shoes. Shirt collers were buttoned and shirt slooves
worc tuttoned ot tho wrist. A1l men wore ND Mark III or IV maskse In same
of the tests, the Nainmsook shorts wore replaced by CC0=-2' impregnated shorts.
Thoso labtter woro of the rib-kmit typo, impregnateod by the aguoous process,

end contained about 0,5 mg. C1*/cm2, 1In all tests since 1 Jonunry 1945, the

men have worn suspenders made of carbon coated cloth (August model)s The .

protection afforded by theso suspenders causes a subjacent aroo. of relative-

ly normal skin which gontrasts with the erythenntous areas and facilitates
observotions (Fige 35, Plate 10)e Subjects drossed for a basic test are

illustrated in Fige 1, Pinte I
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28, Tho chorkere Ths ghomber has beon described inm deteil in KRL Report
Noe Puiiiis EBricfiy, it is 10 feot bty 15 foot by 12 feot high and has o
voluus of 1800 eS¢ It is Operated as o static charbor, no air being
passed through during a tost, but the air presont is kept in moticn
(average velocity = 240 mepeha) by suiteble fonse

29. Concontraotion of agert. Volatiliz:d redistilled thiodiglycol mustard
was introduced into the chrmber as needed to establish and meintain tho de-
sired concentration on the basis of Northrop titrimeter anslyses (bromine
method) which wero mede every five minutese Tho everags concenirations of
E vapor in this serics of tests varied from 1467 to 11,7 microgrons H/liter.

30. Tine of e:posurce All t . :zic tests were single exposurs tests. In all
cases the time of exposure waz 6O (+ 2) minutes except the two tests at CT
50 in which the exposure timc was thirty minutes.

31, CT. CT represents the product of the concentration of {he agent and

the time of exposure; and where the wnits are not exprecssed, is understood
to bo in microgram minutes per liter. 1In this series of 1lasts, the CT em-
ployed was verled from 80 to 700. A complete list of these CTs is presents

ed in Table IIT,

32+ Temporature and relative humidity (RH)s The chamber temperature was
elevatod by clectric heaters, and was lowered by means of ice. Funidifico-
tion was eccomplished by the introdustion of steam; dehunidification, by
the use of ice. Both temporature and humidity were regulated end rccorded
by e two~-point Brown rccording ocontrolling potentiomotor which opcrated
throuzh wet and dry bulb thermoccuples, All temperatures given are dry
buld temporatures of the arbient eir exprcesed in degrees Fehrorhelt;
Moasuremcnts of radient enorgy effects have not been meade,

33, Activity in thc chamber. The mon stood at éass in tho chamber, but
woere required to chango positions asbout every five minutes. No tesgls on
the effocts of exercise during chamber expesurc arc included in this series.

34, Activity before and after chamber exposurce.  In general, beforo and

eftor chamber exposuro, tho men led a relativoly sodentary existence with
occasional mild athletics. In none of tho tosts in this sorios were the

mon assignoed to stremuwous work aftor chambor oxposurc,

35, Season and climate. Tho majority of tho tests wore performed as
1ist3d In Toblo III (Page 13), whon tho woather was rolatively roole Tests
2, 4, 8, 13 and 16 wore carried cut under tho hot swmor weather conditions
of Washington, De Ce Tho chomber exposurcs wore usually performed between
the hours of 1000 and 1500, i.c, during the warnmer pert of the day, Vhen
the woathor wos fair, the men were allowed 4o bo out of doors befors and
after chomber tosts; when tho woather was cold or inclement, tho mon wore
kept indoors at tho conditions proveiling in the Laboratory.

S6es Daily roadings snd the recerding of data. The mon wors inspocted daily
by a modical off'icer for four to eight days or longor after exposures To
focilitato rocording ond subscquont use of data, subdivisions of the body
surface wore listed as ordinates on groph paper (onoceguarter inch squarcs)
end doily intonsity readings for these nroas wero rocorded as abscissao, A
Iist of tho body rogions is given in Teble I (page 10).

-5.
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Kodschreomes wore teken of mony of the groups of mn
used in the basic tests. Those were usually taken on the fourth duy eficr
exposure; subscaquent pictures wore taken when deemed necessary. Moie
satisfactory pictv,—gf wrd o sised after the skin had started to pigmeont
since mild degrecs %. ez‘yam;. d$3 not chow enough contrast on tho picturcse
It must be erphasized that kodachromes nlone ars not adequats records and
thet the daily readings are & mors rslicble refercnce for following the
intensity of rooction. Incdeguate illumination may lead to undare-exposurc
of certoin skin orcas with & rosultant opnoront erythenms which is an orice
The prints which are included in the eppendix were prepared by the
Thé larger ones werc propercd from 4 x & inch

37, Fhotogravhyv.

Spor o e T e

feete
Ansco "Printon" procecs.
transparci.cies; the emaller, from 35 rme transparencics.

(2) Specisl Besic Tests.

38, Effect of environnental tempersturs irmedietely prior to chamhoz
sxposurc, Luring the cwzuer, the men were necessorily werm axnd often
sweeting at the time of eutry into the chambor. Then the woather wus
cool or cold, the men wore usually indoors at & comfortable room tempera~
turc for ons to two hours (or more) prior to exposurce Tests 24 and 28
(Teble III) were carrind out to soo if proccoling bed any effeot on the
rcactions from chamber exposures Five men wére oxpoced nude to a temper=
ature of 55° to 60° Fy, approxinately 65% RH, for over two hours prior to
entering the chatberes Five other men remained clothed and at o comfortable
roon temperaturc, opproximstely 75% Fe ond 50/ RH, for a similer period
bofore oxpomwoe Both groups domned fresh clothing, including CC-2 im~
prognoted sherts. and wore erxposcd in the chorboer simultancously to H

vopor ot CT 300. 90° Fe, 657 RHe

3%¢ Use of 'alumimm chloride. To suppress exillary eveating, in Tercl 28
(Tablo I1I), o 255 aquoous solution of aluminum chloride was epplicd with
o cotton pledget onco daily to the left oxilla. of each man in the group
for throo euccessive days before he ontercd the charmbers

40, Use of lanoline Sinco H is lipoid soluble, it wns considered possible
that “he proscnce of scbum on the surface of the skin might influence the
susceptibility of the skin to H vopors To simulato sobunm, lanolin (hydrated
epproximatoly 507) was useds A thin £ilm was spplied shortly beforc entry
to the chamber ovor’an urea of about thirty squaroc contimotors on’the fores
arm, posterior neck, and postcrior shoulder of the men in Test 28, who were
exposod to CT 500, 70° Fe, 487 RHe In o loter tost (Test 24), in which tho
men word exposoed %o CT 300, 90° Fe, 65% RH, lanolin wns epplied to the
foroarm, postorior shoulder, posterior nool, cnd loft oxilloe No men took
_showors for at loast four hours after oxposurc in tho tests in which lano=

1in wos used,

41, Artificinl wotting of tho ekin. On tho basis of Dre¢’Renchaw!s ine
formal report on tho offects of K vopor on simulated wot, swoating skin,
tho following experimont was performed. Stondard skivvy shirts were
treated with paraffin wnx so that a woxed strip about two inches wide exe
tondod vertically tho length of ths shirt in the midline front ond réare
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one-half of the shirt was thoroughly molistened with artificial sweet,»

the other half was left dry. These skivrsios wero thon donned by six men
who also wore denim shirts nnd the usunl clothing for basic tests (include
ing CC=2 impregnated chorts)e The envirommentel tempersture was-suffice
iently low £0 thut the men did not show generalized swoating prior to en-
try into the chamber. These nmwm'tinb men were exposed to B vapor ot

CT OOO, 700 Fas 4»)7 RH on 2 AD‘"ll 1945

(3) Ewaluation of Dato.

42, Sinco it is imrractical to present o detrived description of coch
gubject in every test, an attempt has beon modo to prosent the duta quanti-
tativoly so that tho resulis may bo more readily visualized, Each degroo
of roaction was given an arbitrary numarice’. vonluo as follows: '

0 = no renction
1 = mild erythomn
2 = modorate erythema
3 = intense orythoma
4 = p,, Erythome with edenn
be M¥rcoretion of axillary skin
~ ©e Dry scaling of scrotum '
b = as Vesicle
b, Numerous pinpoint wosicles
cs Crusting or ulcoration of
scrotum or axilla.

43, From theso mumerical walues, throo quantitotive mothods of troating
doto wore devised which are considorod in this roport; (1) Maxirum
scrority; (2) Total domngo index; and (3) Porcontago of oxposcd arca. -
offocteds Epocial cascs, such as leosions of tho scrotwm, cro discussod
soparatoly, ' '

FOOINOTE;

* Tho synthetic sweat solution was propared nccording to o formiln BUpm -
plicd by Dr, Dona Burks ond is approximately fivo times as concentrated as

that goorotcd by the glonds,
Constituont Concontration

Fus.or cc. /100 cc.

Sodiun chlorido : Se65
Armoniun acotato 0,33

Ursa 0,47
Doxtrose . 0,085
Potossium chlorido 0,48 -
¥agnosium chlorido 0,036
Potassiun dihydrogon phosphato 0,045
Caloiwn oarbonato 0.065
Lactic acid (85%) . . 0.1

Five drops each of formic acid, ccotic acid, butyr:lo acid, propion e o.cid,
mothylamine and trimothylamine, ,
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44, ¥aximm soveritve This method has boen usod ot this Laboratory and
has been describod in previous lottor reports (NRL lettor CeS77=2(455-H7C)
C-459=-604 datod 20 October 1344)s Tho nverage moximm soverity rococded
over o poriod of govoral days oftor exposuro, rogardless of the region of
tho body affectod, wns token to roprosont tho offect of the agent on the
body under a given sct of conditions, A estisfactory rolationshlp betwoen
CT and intonsity of reactiom could bo domonstratod using this method s
long as a1l tosts were conductdd ot 90° F., 657 RHe However, when tho
tumporaturo and RH woro varicd, 1t was found that the moxdrmm soverity
nothod wns no lougor epplicablo sinco men with an ¢bvious differcence in
reaction to'tho agont might, novertheloss, have tho samoe moximum reoading,
For oxamplc, uno man night have as o maxiram roading an intense erythonma
of tho axilluo with essentinlly no burns olsowhere and enothor man might
havo an intonso erythoma over most of his bodye By tho maximm soverity
nethod of ovnluation, both mon would bo clos:ified as tho sames Figure 4,
Plato 3 gives on illustration of this since thLi mon who do not show gonerale

izod erythemn did bavo intonso orythomn of tho axillino,

45, Total donapo indoxe Sinco it wus obsorved that ofton mon exposed to
E vopor at vorious conditions of temperaturo omd RH diffored in their ro-
nctions mainly in tho areas of skin affocted rathor than in tho intonsities
of reoction, and einco it is cormon kmowlodge that the total arcn of gkin
offocted is a'highly important foctor in dotormining systomic reancti-as to
thermal burns, it was felt desirsble to cbtain an approximation of tue
percentage represented by a given body region of the total aroa exposed in
& teste In order to facilitate use of older data, the areas were combined
in the mamner shown in Table I« These oreas were then marked off with ink
in orbitrary fashion on ton men of various woights and statures. The '
regions werec moasurad and their arcas were ocalculnted according to tho
simplost goomotric form roprosontods Tholir sums reprosont the total arca
cousidored in tho .basic tosts, and oach rogion has boon roprosonted as a
porcontago of this mm. These percomtages arc callod "area factors" and
aro listod in Taoblo I. It is of intorost that for any given man, this sum’
roprosonts 73 + 67 of his thoorotical total body arca as obtained from -
stondard hoight-woight nomogroms. Although these aroa factors represcut
only a crude approximation and arc highly arbitrary, it is folt that they
aro usoful in evnluating tho daota obtoined from the basic tostsa

46. In calculating tho total damngo index, tho intensity scole mentioned

in paragroph 42 wus usod, Tho intonsity factor for a given area ina

tost roprosontod the avorage naximm reading for that area for that group

of mones The product of tho intonsity foctor and the arca factor described
obove gives tho tntel damngo for that aroca for tho group under consideration,

The sm af those products for tho-eightoen arens considored represents the

total damage indexs An oxample of the mothod employed is glven in Appendix
Be In ordor to compu.ro date on men wha wore proteotive shorts with data

on those who did not, it wus necessary to subtyract from tho final indox theo
figuros for thoso areas on tho \mpro'bectod mon which would have boon covore -

od hod shorts boor worne

.9-
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Body Rerions Descridbed in Dolly Rendings

TABLE 1

#prou Foctor"
Percontage of total

' » . Sumarized oxposed skin repre-
Complete List Abbreviation List sonted by each regions

Antorior neck ane

Postorior neck pno no 244%.

Lateral neck ino

Anterior shoulder csh ~

Posterior shoulder psh sh 549%

Antorior ud.llu.ry'fold nof

Axillae ax &x 2,87%

Posterior axillary fold paf

Scnpulas ’ 4 s

9th oervical vertobrae 07 L Be3%

Ventral thorox vth vth 6.0%

Loteral thorax ith ith 3.5%

Dorsal thorax dth dth 5.3%

Uppor cbdomen uab

Lower pbdomen R

Ilinc 11 abd 1na%

Lambar um

Inguiral region ing ing 244%

Penis pen pen 1.1%

Scrotun scr scr 117

Buttocks bt bt 643%

Antorior orms oor

Foroarms fa

Posterior arms par or 14.6%

Elbows ol

Cubital fossaoe of of 0.9%

Dorscl hands and wrists wr wr 1.4%

Antorior thighs athd |

Knpes n thi 2244%

Posterior thighs pthl

Popliteal fossao pop Pop 1.7% .

Anterior log ' ale

Postordor log plo 1o T.7%
99,97

* BSoe paragroph 4B, .

»10»
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47, Porcentope of exposcd aren afrecteds This expression was dovelepad

4

primarily to emphasize tho differenco botwoon oxposures at high and low

temperatures.

The mmber of men in any ono group showing o moderate

erythomn* or greater on any particular area was multiplied by the corres-

ponding crea factore

The sun of thoso products for the eightoen oreas

dividod by tho mubor of mon in the group for any given test represcats
tho aworage percoentage of tho total skin surface oxposed showing modorate

orythenma or worsce
son with those growps which did not wear protective shorts.

This exprossion likewise must be correccted for compori-
It should be

omphrsized that sinco tho area coverod by the shorts reprosonts about 11%
of tho cxposed surfaco, the maxirmm figure possible after correction is
897 and not 100%. Az oxarplo of tho mothod employed in this calculation

is givon in Appendix C.
Bs Swoat Tosts,

48, The sterch=iodino mothod of Minor was used to demonstrato swecting ot
the various conditions of temporature and relative humidity used'in tho
testse An lodine solution (15 ge iodins, 15 ge potassiwm iodide, 100 ml, -
oastor oil and 957 othanol to make ono litor) was applled to the entire

body with a cotton pledgoet.
starch powdor wns appliocd with.g powder duster or cotton puffs

Aftor the iodino solution hod dried, soluble
Trmediately

aftor the appllication of tho iodiro and storch tho men donned clothing and

masks and remnined in the ¢

harber for ouo hour ab tho proscribed conditions.

If swoat socretion occurred, thoe starch ond iodine dissolved ond reacted,

changing color of the skin from a light brown to a dark purples Except for

tho cbsonce of H vapor in the chamber, the test conditions were identicnl

with those of the bazic tosts described above.

Sinco the men worc dungarecs

during tho exposuro to H vaopor,it wns considered a more comparable test to
have thonm woar dungareos for the swoat tost, although clothing did tend to

rub off somo of tho starcheiodine complex, espocially at the prossure points,
axr1 mnke the subsoquont photographs less spectacular.

It should be nontioned

that this starcheiodine mixturo wmshos off roadily with soap and wator and
causes no inconvenlence oxcopt for o temporary smarting of the scrotum at

tho time of application of the lodine. No cosos of hypersensitivity to lodine

wore observede Each group consisted of ten men and the tests porformed are

Iisted in Tablo ITe

Group - Dato
I 2/5/45
11 2/5/45
I 2/6/45
II 2/6/45
I 2/1/45
II 2/1/45

* Burns of modorato erythoma or groater were used in the calculations since

TABLE I
Swent Tosts Performod
Terpo raturo RH
' 70° F. 61%
79° Fa 86%
85° Fa 36%
85° F, 75%
97° F. 427
90¢ Fa 62%

Minimnl
Yoderato
Profuse
Profuse

it was considerod that they represont significont H burhs whoreas recdings
of nild erythemn moy not always bo due to H and their use would dotract

rathor than add to tho aignificance of the results.
s+ 0n body regions other than c.:d.llo.ry‘ and gonital,

wlle
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Ao, Basgic Tests with H Vepor.

(1) Introductory Remarks,

49, In view of the murber of men involved in the tests described in this
report, it is fmpractical to give a detgiled description of each case
history, Therefore, the dats are presented in tabuler form and the results
are dercribed in a generalized mamner, Summarized data ave presented in
Table III in which are listed the basic tests performed aud thé average
meximm intensities of reoction for the neck, oxillae, scrotum, and'tho
rost of the body. More detailed dota are given in the following tobles

in the Appendix:

(1) In toble VI aro prosonted the maxiznm regional readings for
individunl subjects bascd on the mumoricol’system described
previously, Also included aro the average, minimm, and
moxirmm days required for tho lesions to reach meximm average
intonsities for the differomt rogioms for oach :rowp of mene
In sovoro bwrns, tho days tebulated do not ealwnys givo o con-
cise improgsion of the maximim soverity since, for example,

e lesion might be rocordod as a 6 (vosication, crusting, or
ulcoration) on tho fourth day, but dovelop in size or dopth
for sovoral days followinge Tho mothod may nlso give on im-

. pression of groator soverity thon roally existed; f£or oxumplo,
a losion may bo rocordod as o & ua only one day and the orythoma
theroaftor mmy fode to o 2 or o 1 by tho noxt day. Such o losion
is cortainly lecss severo than ono which romeins of 3 intensity
for sovoral days in succession, In spito of thoss minor occasion-
ol fallooios, ¥ho mothod usunlly loads to a fairly acourato es-
timnto of the govority of skin damapoe '

(2) In Tablo VII are listod tho mmbor of mon in ocach tost showing
maximm roglonal roadings of a givon intonsity and includes the
avorage rogional intonsitiose ‘

(3) In Toblo VIIT are listsd tho domage iudices for each aren eni
tho total damnge indices for the various testse

(4) In Tablo IX arc listod the "Arca Factor™ timos the wmmbor of men
in each group showing modorate erythomn or worse for each arca
ond tho average percentages of skin arca showing moderato orythema

or worsc in sach test. ) .

(2) Goneral Description.

50, é.tncc the renctions to B vapor of the genoral body sirface (rest of
body), the neck, the axillas, anmd the scrotun (and penis), wore quite differ-
ent, tho doscriptive prosentation of the rosults is facilitcted by considore

ing thon separatoly.

.12 -
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Test
No Dote
1 3/28/44
2 7/25/44
g 3/30/44
4 7/25/44
5 1/25/45
6  1/25/45
T 4/ 4/44
8 7/26/s4
9 11/20/44
10 1/23/45
11 1/23/45
12 4/11/44
13 7/27/44
14 1/27/45
15  4/17-22/24
16  7/28/44
17 11/28/44
18 1/24/45
19  2/28/45
20 2/28/45
21 3/10/45
22 4/24/44
23 11/28/44
24 3f22/45°
25%%s 3/22/45
26 12/ 1/44
27 1/ 9/s5
28 1/8/45
29 1/11/45
30 1/12/45
31 3/10/45
32  1/10/45
33 1/13/45

cT

60
60

100

100
100

150
150

700

Basio Tosts Performod

TABLE III

Terpe

° F,

20
90

RH
2
65
66

65
65
35
67

65
65

67

# )on wore CC-2 irprognatod shorts
** Protoctivo olutmont eppliod to neck

ext Mon procooled prior to chambor exposure

13

Average Moximm
. Reaction Intensity
H;0 No. Rest
me/l Mon  Nock Axilla Secr of body
22 6 043 0.0 0.0 0.l
022 - B 1e2 06  0s2 045
22 6 1.2 [ 1 1.2 Os7
22 6 1.6 18 0.8 Qe9
16 6 1.5 042 163 06
30 6 1.5 0.0 03 Oeb
22 10 240 0e2 063 0.7
22 6 3,0 3.0 22 2e
10 7 1,0 1é4 0.4 0e3
12 6 1.7 Ce5 145 Ce5
22 b 1.6 0ed 0.0 Ot
22 10 202 . 1e3 241 1.2
22 -6 4.0 248 Se2 244
30 4 4,0 28 ° 4,8 . 267
22 15 2e4 240 32  1le6
22 6 4e2 342 3.7 248
11 6 1.7 248 240 0.7
21 4 30 243 00 1.2
10 8- 1.5 2.3 L ] 0.6
22 8 28 23 * 1.8
13 .7 360 30 * 1.8
22 - b 244 * 20l
22 6 Sed 360 - * 2ed
22 b Set 30 » 29
22 6 28 20 + 20
11 [ 242  3e2 25 142
8 8 249 3e8 4,6 15
9 B Be3 Z5 50 18
8 8 340 44,0 * 1.6
8 8 249 4,6 Se0. 1o8
11 7 3eb Sel * 1.8
10 8 34 &l * 15
S 8 245 St * 102
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51 General body surface. From Table III, it is evident that at a given
temperature, there was a progressive increase in severity of reaction with
increasing CTe Reactions below 1.0 were mild; eny average over 2,0 ripve-
sented 8 fairly severe gemsralized erythema. Fairly severe riactions were
sustained at CT 200 at 100° Fo or at CT 200-300 (depending o geason) at
90° Fe3 however, at 70° Fo, even at CT 500 or 600, the reactions hed not
ettained this degree of gencralized ssveritye It was not possible to
dotermine at what CT a severe genoralized erythemn would result from exe
posure at the lower temperaturcs because of the severe roactions produced
on tho genitalia end exillac at CT 600 Tho extremo difference in soverity
of the burns on the general body surface wos the most salient fonturc of the
contrast in results obtained by exposures at high as compored with low
temperatures, The difforcnce in roaction et 90° Fe 2z compared with 70° F,
ot comparablo CTs is strildngly illustrated in Figures 2 and 3, Plato 2 and

Figure 4, Plate 3,

524 Only limited data sre svailable for considering tho effects of rolae-
tive hmiditye %The vontrasd botwoen the rosults ot high and iow RH wos
marked at 85° ¥, CT 300; 367 RH resulted in an intensity of 0.6 as come
parcd with 1.8 ot 777 RHe Confirmntory pictures aro shown in Figuros 813,
Plato 6+ The samo offect of RH was ovident at 90° 'Fe bubt wos not as pro=-
nounceds It 1s inberesting to noto that at ¢T 300, the rosults obtained
ot o’low RE at 85™ Fe wore comparable to thous obtained ot 70° F.; and the
results at high RE were camparable to théso(nb 90° Fa, 37% RHe The -
ferenco betwoon 467 and 867 RE at CT 200, 80° F. was not approéishle, nor
wos 1% approcioblc ot 35% and 67% RN at 6T 100, 100° F.3 howover, tho ro-
octions were mild and the CT mey havo beon too low to illustrate the effoct
of RH wndor those conditionse No tosts were run in which RH wns varied at
the lower temporatures (60° « 70° F.).

53. Tests have beon Sarriéd out in Both tho spring and’in the swmer st
the following CTs: 50, 100, 150, 200, and 250 ot 90° Fa, 657 RH. It i3
evidont from the results listed in Toblo III that, at and above CT 150, -
there was an cppreciobly greater severity of skin damage sustained in
sumer tests as comparcd with those porformed in the springs’ Tho sovero
goneralized erythemas sustained in tho summor tosts at CT 250 arc illus-
tratod in Figurcs 6 and 7, Plato 4.

54 Tho nock, Undor tho c'onditi?ns of tho tosts roportod in this sories,
o lorge port of tho nock wns exposed directly to the H vopor with no in-
tervening clothing, In Tablo ITI, it cah bo scen that the trond in ro-
action with varying CT or temporature was idontical vith that of tho gen~
eral body surface, but the mock roactions were one wnit (or more) of in-
tensity grestor than the avorasgzo recctions on the rest of tho body for o
given set of conditions.

85, At 85° F,, CT 300, high mumdity (77% RE) coused much more sovere
meck ronctions than low (36% RH), tho average intensities boing 248 and
“e8 rospectivelys Variations in'humidity did not cousc pronounced dif-
forances in thw tests rum ot 80°, 90°, and 100° F.

56, Vesication was observod on the mocks of only 8ix mon in tho enbire
sories, Four of those ccotrrod in swmer tosts (T0sts 13 and 16), omo ot
CT 500, 70° Fo, 46% RH (Test 28) and ono at CT 200, 100° Fe, 65% RH (Tost 14),

-Jé-
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vont pirmontation of the neck was usunlly darker then for tho

87e Subsoyuont
other rr2us &u the body (except tho axillac), m fuct which correluied

well with the observation that neck reactlons wore gonsrally more intense
thon those of tho rost of the body.

68, As in the case of the geueral body surface, neck reactions were con-
siderably more severe when tests at any given CT were performed in the sum-
mor thsn when performed in the spring (Table III)e

59, Axillse, In contrast to the promounced’effect of temperciure on ro-

~ actlons of the neck and general body surface, tompernture of exposure did

not e¢xort’a marked effect on the sovari.ty of burnis of the exillac. Thus,
et CT 300, coamparable tests at 30° Fe and 20° F., oarried out on the samo
day (Tosts 17 and 23) showed that tho ssvoriiy of o.nllary reactions was
essontially tho samo in both tostse Thoro wms, however, in general,a ¢
diffcrence in the appearance of exillary” roacticns obsorved in men exposed
ot high tomporatures (90° F.) as compored with low (70° F)e At tho lowor
tomperaturcs, tho orythomn bogan in the central hairy area and with in- °
cronsing CT inwlvoed a largor area, finally including the axillayy folds,
uppor modial arm, snd épper latoral thorax (Figuros 32, 33, Plato 9)e At
tho higher tomperaturos, most ofton this cential arca was spared while the
more periphoral axilla and f£olds showed intonse roactions if the CT were
sufficiontly high (Figure 31, Plate 9)e The obove statcmonts woro Zomerally
truo, but it must be added tlmt the typos of roactions which wore usually
obsorved aftor oxposure to tho highor temperaturcs have ‘becn also observed
in some individuals at lowor tomperaturose Furthormore, it is of interost
that at o low RH (37%) at CT 300, cven at 90° Fe,the roactions in the
axilles vesombled those usunlly occurring at the lowor temporatuross

- 60s There was a pronownced difference in the aeverity of the aﬁllary ro-

actions sustained in the smnmsr tests as compared with the spring tests at
corresponding CTs at 90° Fo, 65% RH (Tests 1 and 2, 3 and 4, 7 end 8, 12
and 13 and 16 and 16)s In the sumner tests, the intensities were an aver-
age of 1¢5 units bigher than in the spring tests (Ta.'ble III)e

61s Ococasionally, although rarely, men have been observad who manifested
no axillary reaction even though other membors of the group received
sevore axillary burns (for example, Subjoot 504, Figure 5§, Plate 3)e

62¢ TVesication (L.ee actugl blebd formation)' has not been observed in the
exillas of the subjects in'this series of testse Following the more sovore
burns (eege at CT 500-600), the skin underwent macération followed by cruste
ing and ulceration of tho axillary folds(Figurc 36, Platc 10)e Elewation
of tbo arm caused pein in such cnsose

63, Intonse pigmenmtation wae consplcuous in axillery reactions (Figuros 32
and 33, Piato 9)e Tho mon wore not obscrved sufflc:.czrtly long to detormine

how long tho pigmontation persistede

64, Scrotum and Penis. From the séandpoizrt: of casunlty production from
H vopor omong men woaring gns mesks, the scrotun and penis wero the most
vulnerable rogions of tho bodyes In order to minimizo tho mumber of such
losions in this soriocs of tosis, mon wore protoctive shorts in most cases

=16 =
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6be Since variovs dogrees of scrotal erythems src dirfisuit to read
accuratoly and since crusted losions arc far more significent from &
military point of ‘vicw, only tho lattor typo of injury w1l be discusseds
With this in mind, it is evident frem Tables VI and VII in the Appendix
that thero is considorable individunl variation'in the vulncrability of
the sc.ootum to E vapor wp to CT 400. At CT 200, if the tosts at 90° F,
end 100° Fo arc considorod colloctively (Tests 12, 13 and 14), it can be
socn that six out of twonby mon sustained crusted losions, Similar le-
sions wero observed in eight of twonty=-ono mon exposed at CT 250, 90% F.
65% RH (Toste 15 and 16): Only one of ton men showed o crustod losion
from exposure at CT 30C, 70° Fe, oxd 80° Fe (Tests 17 and 18); but the
rest of the men exposod 4o CT 300 o & highor temperaturc all wore CCw2
impregnatod shorts so that it is not known if this CT would have ooused
e largor murber of caswaltics at o highor tomperature (eege 90” Fo) of
exposuroe Cpusted lesions occurred in two of six mon exposed at CT 400
ot 70° F,

66. In spite of a low t moreture of sxposwe, twenty-threc of twonty-four
mon exposcd to CT 500 ar 600 (Tosts 27, 28 and 30) sustainod cruste? lo-
sions, Becauso this grcup of casss is considorod the most irmportant, tho
portinont data has been prosented in Tadlo IV,

67« The courso of the lcsions in those twonty-three caseos showed somo
voriation but, in goneral, twenty=four to foriy-oight hours after oxpo-
surc, marked scrotal crythena was prosents Dry scaling appeared on about
tho third day (Figure 19, Plato 7, and Figure 25, Plato 8) on the depone
dont surfaco of the scrotume This scaling vms followed by oozing and
crust formotion, Ciustod losions wers usually prosont by about the
Lfourth or fifth day, gradually incronsed in scverity to o maxirsm at about
tho eloventh to the sixtoonth doy and wore hoaled by about tho twentye
second day aftor cxposures, Removal of tho crusts revoalod ulcers vhich
wore, in genorel, foirly shallows :

68. In nono of tho tosts doscribed in this roport was vesication (that is,
aotual blob formntion) observed on the scrotum or penis. »

69 Ninotoon of tho twunty.four mon listed in Table IV developed losions
of the penis and foreskin, Thoso ug .1lly appoarod latcr than the scrotal
losicns (fifth to ninctoonth days, average fourteenth), reached maxirmm
soverity about sovontoanth to twenticth days and wero hoaled by about tho
twenty=sixth daye Thoso penlle lesions most frequently imvolved tho proe
puco and the swrface of tho ponis in comtoct with tho scrotal losionsy
howover, a few cascs woro obsorved of indepondent lesions on thd anterior
surface of the body of tho penises Proputial edeman was frequent, btat in'no
cust wag sovore eacugh to hindor micturition.
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70. 1Illustrations of these penoscrotal lesions are presented in Plates 6,
7 and 8 of the Appendix, :

7l. No treatment, except confimement to bed, was used. The course of
healing was uneventful, although slow, and no clinical symptoms of ‘infeca
tions wsre eobserved. Although the lesions were painful on cortact, pain
was not o conspicuous feature while the men were at rest.

72. TWhen heeled, the scrotum presented a mottled eppearance, being
pale in the arecs which had been ulcerated and deeply pigmented in the
less severely injured creas (Figures 17 and 18, Plate 6). Scarrin
~2ly rorely observed since the lesions were usually superficiale (4n
exccntion to this generalizetion is shown in Figure 30, Plate 8s)

() Specinl Tests.

73. Effe : of envirommental temporature ixmedmtely prior to chamber eXe
posure. (’J.‘s ‘s 74 and 25, Table III, Page 13). All of the five men who were
kept at o couwiatle room temperaturo for two hours prior to exposure showe
ed intenso gom:-:-iized erythemns Four of the men who hod bscn precooled
showed nild to modorate erythemn while one at first showed an intenso ery-
themn; however, aitor eight days, the erythoma of this man had bogum to
fade wheroas that oi tha controls remaninod intonse, The contrast in pigmene
tation ot fourteen duys wee vory markod (Figuro 35, Plate 10). In view of
the proviously moted a1l effect of temperature of oxpostro on the sever-
ity of axillary burms, iv ig porticularly noteworthy that, in this test; the
goverity of tho axillary ronctlon of tho comtrols wns 140 units higher than
that for the preocooled grome This difforence appoars to be closcly related
to the differencos found I n:;illcu'y burns ir the summer as compared with
the spring series of tosts. ¢ is obvlious that procooling resulted in much
less sovere rocctions oven ¥ c.‘ tho mon woro exposed simultancously to o

vory offectivo CT at 9C° Fe, &% RH, ,
_TABLE IV ]

- - _Crusted Losivas of Sorotum ond Ponis »

Tost No. 27
£30 cT
Terperaturo 60° Fo
. Relativo Mumidity 607

SCROTUM . PENIS
Subject Start Sovority  Healed Stort Severity  Healed
494 4 4.17 Mild 21
495 4 1718 Mod 20 . 17 18 Mild 20
406 4 13-17 Sev 28 18 - 18«22 Mod 26
- 497 - 5 B Mild 20
498 NOIE o ,
499 6 11-15 Mod 2 18 18«21 Mild 21
§00 4 8«16 Mod 23
501 10=19 Sev >3 » 19 Qw23 Sev &0

‘*  Figuros reprosent nuber of days aftor chanber 8Xposurse,
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TABLE IV (Comtinued)

Crusted Lesions ¢ __g_:r = apd Ponis *
¢ -EEg g

Test Noe B
500 CT
Temperature 70° F.
Roletive Humidity 48%

SOROTUM - PENIS
Maxirmm Moxirmm .
Subject Start Soverity Becled gStart Severity Heolod
436 5 8-17 Sev 23 8 1723 Sev 32
487 2 8-15 Sov 23 16 18 Sev 26
488 14 19 ¥od 25 C 14 14-22 Mod 32
489 4 21 Mcd 25 21 Sev 27
490 5 10«16 Mod 19 18 17-20 Sov 28
491 5 8-18 Sov 28 17 17-24 Sev 2
492 5 816 Sov 21 19 a0=21 Mild 22
493 4 9 Kod 22 19 19-20 Mild 23
Test Noe 30
600 CT
Temperaturc 60° Fe
Rolative Bunidity 627
SCROTUM PENIS
Mpxiram Moximum
Subjeet Staxrt ¢  So.ority Hoecled Start ~ Sevoriby Healed

618 6 14 Mod 20 6 14-17 Sov 27
519 4 10=15 Sov 19 6 15«19 Mod 25
520 4 . 5«14 Sov 16 6 7=13 Mod 16
621 4 - 12«15 Sov 24 10 13-21 Sev - 27
522 4 11-15 Sev 19 - 5 16-20 Mod 26
523 b 16-16 Sov 28 17 19-20 Mild 27
524 b 1216 Sov 21 14 17-21 Mod 27
625 ] 16 Sov 26

* Figuros représon't mmber of days oftcr charbor oxposure.

74, Useo of alumimm chloride, Tho yosults of this tost (Test 28), in
which tho left axillae of tho mon wers troatod with olumimum chloride prioz
to oxposuro to H vapor, ‘aro prosented in Tcble V and typical cases arc ile
lustrated in Figuros 37, 38 and 35, Plgto 11, It is’ovident that protroate
went with clumimum chloridé, in most cpsos, resulted, not only in less ine
tenso roactions to B vopor, but also in roagticns involving o lessor orcoe
Consideration of both aren and intonsity is assontial to best oppreciate
tho effect of clumimm chloride ea the roastions.
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TABLE V

Effect pf Pretreatront of Axilla with Al\gminm Chloride

(Test No. 28 = E at CT 520; T70® Fe, 487 RE)

Picture
Sub=- . in
ject Intensity Aroa Involved Appendi
Right Left
(Control)  (Treated)
486 Erytherma with odema Moderato orythemy  Much less on loeft Fige 37
Hacoration ' : ’
Crugting
487 Intense erythema Intense erybhnim . Xo spprecinble
: differcnce
488 Moderato erythems  Mild eryihoma  ~ Much lose on left
489 Erythema with edsma Intense erythoma Kuch less on left Fige. 39
Mooceration - ‘ ~
Crusting
490 Erythemn with odemn Erjthbmu. with edema Slightly less on
left
491 Intense erythema Mild erythema - Slightly less on
' left

492 Erythema with edemn Intenze erythema Much less on left Fige 338

493 Intense erythoma Moderato cerythema Slightly leez on
A left

75. Yso of lanolin, Application of lenolin immediately pilor to entore

ing tho charmber to several areas of tho skin of men exposed to H wapor ot

CT 500, 70° Fe, 487 RH (no genoralized smo.tingg (Test 28), or at CT 300,

90° Fo, 657 RH (genoraiized ewoating), (Test 24), meither incroased nor de-

creased the intensity of reactions,

76. Artificial wetting of the silhe Tho right half of tho body, covered
by the dry skivvy shirt, showed no significant roustica excopt in the
oxilles of two of tho six men, Conversoly, ocn the left side, tho skin
subjacent to the wet skivvy shirt was obviously more severoly affoctod

in tho axillae, axillary folds, upper medial arm, and lateral thorax, in
which aroas tho mon all sustained intense erythomass Thoe thorax on this
side showed o very mild orythema which faoded in o few doyse It is probe
able that tho wot shirt intorfered with H vopor peretration to the thorax
whereas the open end of the diort-length skivvy shirt slecvs permitted
ready access aftor it had passgod through the dry outer donin shirt alceve.
That artificial wetting of tho skin did emhnnco the roaction is well shomn

in riguro 54. Plato 106 _ .
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B (4) Total Damaze Indexe

7. Tho corrcoted total dorage indicos glven in Teble VIII are presented
grephically in Plate 14, in which total drmage index is plotted sgeinst

. CT for the verious “ests performéds The indices, corrected for the area

covered by the protective shorts, were used to permit comporison of a
larger mumber of testse It con be seen that for my given temperature,

“there 48 o rrogressive increase in totel demngoe index with increase in

CTe Higber torperctures of exposwrs rosult in higher totd damapge in-
dox than lower ones ot ony given CTe It woe found that correctlon of
tho data for the arco covered by the protective shorts lowerod the

points very 1ittl: ond did not approcicbly chongs the slope of tho curves.

78. It mny tlso be noted in Plate 14 that the indicos for the sumumer
series of tests at 90° F. arc concicténtly Migher than those for the

epring serics at tho ecmo tomperature, o fact which correlates with the

previcuely mentioned descriptive differcnces in paragraph 63e

79 In Pia‘be 15, total demngo index is plotted against temperature,
At CT 200, there is rslntwcly 1little chaonge 4n thc total damage indox
from 70° Fe to 80° Fo, whereas from 80° Fe to 100° Fo, thers is a shorp

visoe Tho owrve for CT 300 parallels thot for CT 200e Scveral points
ot 60° Fy to 70° Py ore included for CI 500 and €T 600 and con be seen

to lie woll nbove those for CTs 200 crd 300, It may bo inforred that

-ewsn at these lower tomporsturcs, severs goncralized erythemn may occur
AL tho CT is eufficiently highe :

80s In Platoc 15, 4t mny also bo scen that there is o markod differense

in ths points for high ond low humidity at CT 300 at 85° F, ,The point
for the low hmidity ot CT 200 lies on the cyrve for CT 200.° Thore is o
similar differonco for tho high ond low hmidities ot 90° F4, but tho

3 effect is nol as morkod,

(5) Porcentago of Exposed Arec Affcoted.

6ls In Plato 16, tho porcentoge of exposod oren which sustcinnsd o modere

" oto orythomd or worse is plotted os ordinato against CT as abacissn; ond
- 4n Plate 17, tho samo ordinate is plottod againat temporature, Those

ourves oro similar to thoso for the total damage indicos (Plates 14 ond
15)s Tho shorp rise of tho curvos on Plate 17 sbove B0° Fe, showing a
groat {xcrooso in thoe arec involwed, is, indeod, rpectacular ond corroe
lates vory woll with visuanl improssionse

Be Sweat Techs,

B2+ Tho rosults af the swout tosts aro illustratsd in Figures 40 - 51,
Plates 12 and 13, and are surmcrized in Table IIs An cpprecicble gnount,

- of sweating wos evident in the axillas and genital regions of mort of the

men even at the lower temperatures. Even from this semiequantitative test,
it was evident chet there woe considersble individum. variction in the
oanoint end distribution of sweating. Sweating vms'minimal over the general
body surfoce ot 90° Fe, 61% RH, and 79° F., 867 R, and profuse at 90° F.,
€27 RH, and 97° P,, 427 RH, At 85° F., tho effeot of R was marked, Ths

‘men exposed at 357 RH showod minimnl swoating whersas thoee at 757 RH showed
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a moderate smount e# is evident in the thotorraphse Thus, ot this teme
perature, voristion in RH hod o marked effeot on tho wnount of ewsat
secreted and on the areas involved os demonstrated by this mothod,

Port III - DISCUSSICH,.
Ae Correlotion of Skin Suscoptibility te ¥ Vopor with Sweating,

83¢ It hos beon repoatedly obsorved in roports by mony lnvestigators
that geoating men (whother ewoeting is induced by high temperaturcs or
exorcise) cro much more susceptible to the giddn effects of ¥ wapor than
ron~svweating rene Yo repert has been cobesorved, however, iu which eweat
toste linvo been performed wnder the sanme condiftions as tho E voper sx-
poturss In en attompt to errive et & more oxact wndorgtanding of this
foct, ’

84s The starch=fsoding mothod of derongstrating sweoting hos been in come
non clinical use for many yuerse It offers an excelloxt slmple woy to
doternine vhother or not an'aroa is actively swoatings Insersible pore
spiration is nmot sufficient, apporently, to give o poritivo reccticne
With repgard to'thoe chuolute amount of swost secrcted in o given wren,
this method s, ot bost, semlquentitatives It must bo erphasized that
tho intensity of color obrorved 4s influoncod by thoe latercl spread of
swoat eftor it loaves the porose Thooretically, thero is o sunll range
in which the smount’of ewoat scereted would be proportiornl’tc tho coler
irtensity, Howover, in nost cases in which sweating ocoury, 4t is suf-
ficlently profuse to moxdonlly darken the arone Thoe rote ot which smweat
evaporates from the skin surfoce probobly modifies the rosulis somewhab,
Thus, at low huniditics, tho rapid evoporation of gwont mipht fend 4o
givo reodings of lowor intonsitye In spito of its limitations, tho
mothod has prowed vory useful and cerrelates well with more quantitetive
studice by othor workors in which wafer vopor wue collecled ond woighed,

85. It 15 generaily accupted that, tolow a dry bulb terperoture of 85-87°
Fe, most lightly clothou, roating monm show active glarduler sveat socro-
tion only on'tho polnms, soles, axillae, and gomital repicnce Tho main
tody surface, undor thoso eonditions, shows only « rolativoly smnll woter
vopor loss, prosumnbly by divect evoporation through tho skin (insensible
perapiration)e Above 85=87° Pe, most individucis show goneralized active
sweat seorction over the ontire body surfaco, Ths temperature ot which
goneralized sweatling begins §s lowored by exorolsa and by woaring hoavy
olothinge Winslow and Gogre found that this threshold wne lower for ox-
ercising mon in the morer thon £or exorcising ren in tho v nter (Amorican
Journal of Physiolory 134: 64681, 1941)e This fract may bo related to
the difforonce in resulta of H vopor exposurcs in epring cs cospared with
[ ghimigra) oY

85+ A good corrolation betwoen gwenting ond skin susceptidbility to B
vopor wos obsorvode’ This wos woll demcnstrated wheh men woro oxposed

ot CT 40Q ot 70® F, 62% RE and at CT 300 ot 90° Fe, 65% Rfle In the
formor casc, intenso erythorma wns confincd to tho cxillae, whoroas the
rost of ths sidn ehowod only rd dral effocts (mon woreprotective shoris).
In the lattor caso, tho mon showod intonze gemsralized orytherm, even
though ths CT of exposwro wne actually lower (Figures 2 and 3, Plata

2)s The excollent corrolation of thouso rosults with tho oxtont of sweote
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ing of the ereas involved 1s =con readily by camperison wlth +he 1llus~
trations of the sweal te«ts. ‘In Figures 40 end 41, Plate 12, it is ap=
parent that at 70° Fe, 552 RH, the mon woré sweating only in the exillas
end genital regions, snd Fi 5 44 end 45, Plate 12 show that generalizod

sweating occurred et 90° Fo, ©E} R

87. Since 85° F. is approximately tha tomperature above which resting
men begin to show genornlized swoating, it was felt that this would be the
optirmm temperature at which to study the influence of relative humidity
en the active scoretion of swéot and on the effccts of exposure to H
vopors Swoat tosts ot 85" Fe, 36% RH, gove results similar to those at
70° Fe, 515 RH, namely; "ewoating confinod to the axilldo and genito.l ro=
gions (Figures 46 to 49, Plato 13); whoreas at §5° Fe, 757 RE, tho nen
ghowod modornte goneralizod swonting vhich opproo.chod tl’urb at 90° F.,
62 RE (Fimures 50 end 61, Plote 13)s Similarly, tests with H vopor

at CT 300, 85° Fe, 36% and 777 RH, showod an approoiably greator intons
sity of erythoma ot the highor RH (Figuros 8 +o0 13, Plato 5)e Since tho
mating throshold vorios from mon to mon, it can be expected that at
856° F.. thoro would be considerable individual veriastion in swootinge
Neverthelogs, it is evidont that elevntion of mmdidity at this torpera-
ture, which does inoreasc the wotnoss of the skin, also increases tho
intensity of reactions to H vopore It is of interest “hat tho results
with tho lowor RH at '85° Fe were similor to those reactions at o low
temporature (70° Fe), whorons those at tho highor RH mwore similar to

those ot 907 Fe ,

88. Definito as 4s tho effoot of swoating in inoreasing tho suscepti
bility of the skin to H vopor, it may bo modified by differences in ree
glonnl suscoptibilitys For exnmple, tho palms and soles, which nre '
gwoating at tho lower temperatures omployod and were cortainly swoating
.ot tho higher tomperaturcs, are very rosistant to H wnpore Tho soles
wore probobly protectod by the shoose The skin of tho umprotected polms
is 4n ifsolf more resistaxt thon the skin of tho rest of tho body, Con
vorsoly, storcheiodino tosts on tho genital rogion reveal fow or 3o
ewoct poros oh tho scrotum itself, although tho adjacent ‘inguinnl, pubio,
and porinenl skin 4is richly providod with thom; and yot, the serotol
skin is tho most suscoptiblo skin to H vopore It is folt that theso ex=
ceptions ir no way vitiate tho thosis on the effcot of swoating on the

~ suscoptibility to H vopor of the skin of tho rost of the body surfaco

but moroly emphosize the Lmportance of the primary differences in
regional muscoptibility,

Be Tho "Radiator®™ Effect.

89, It wos mentioned in NRL Report Pe2219 that "in genoral, exposures
in tho large chamber produco reactions which are opproxinatoly twice a8
sovere as thoeo produced in tl~ tarm chamber! at the same ‘cT"s In "arm
chamber™ exposurcs only tho foroarm was exposod at 90° Fa; 65% RH whore=-
o» the romainder of the body is at 70-80° F,, 20«30% fHe In large
chomber exposures the whole body is oxposad %o 90° Fo. 65% RHe Expori-
nmonts in which tho arm wns exposed ot 90° Fey 657 RN in tho arm chamber
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end the room wos elsc maintained st 90° Fe, 657 RH, yielded results
vhich epprooched those of the large chamber in severity. At this

tims 1t was stated that the rest of the tody ®is oapable of functione
ing os a *radiator' and thus succeeds in altering the reactivity of the
exposed surfaces and reduces the soverity of the reaction” when the
body 45 ot o comfortoble room temperature (70-80° F.)e

90, From the present sories of tosts it is evident that the "radiator"
effoct'is dus to the foct that st 90° Fe, 657 RH, gorornlized sweabing
cccurs, whoreas at'70-80° Fe it probably docs not (or is mild)es Thus,

in the former caso, the exposed forearms would'be sweating, but not in
the laticr. Exposing the whole body at 90° Fe, 65% RH couses genoralized
ewoating ond, uncer this condition, the foronrm in the awm chomber reacts
mwore as it does in tho lorge chambor (ot 90° Fe 65% RH)e

Cv Cosunlty Production.

91. The many ond ofton ambiguous commototions of the word "sasualty™
moke o discussion of Mcasunlty production” difficulte For the purpose
of this rcport, o man who is unoble to carry on his complote duties as
o result o? exposuro to o chomical warfore agent, would be a "oasualty'.
In gonoral, casunltios from E vopor are produced in two wnys which may
be obsorved independontly or in carmbination:

?) Systemlc Effects
2) local Effocts.

924 Systomic Effocts. Undor tho conditions of tho tests ineluded in
this report, nono of the men showed sny systemic offectss No malaisc,
nnuson, wvomiting, hondachs or shock wore observed even in tho mor with
sovoro gonmoralized orythemns Howover, 4t must be crphgsized that, for
the most part, the men wore living wmdor termperato conditions before ond
oftor oxposure and were loading o rather sedontory exjectonces The
Australion {nvestigotora, on tho ofthor hand, in CeDy éAustru.Ilio.). p
port No. 65, datod 18 Qctobor 1944, hovo observed o pelatively large
mmber of mon showing systomlc offccts aftor oxpoeure to H vapor at
CTs of 60 to 750 Thoy orphasize that thoir tosts wore performwd un-
dox tropical conditions ond rogard climate as an impoytant fogtor,

93 Since many of tho symptoms which ore dosoribed in the literaw

turs ns systemic effeo}s of H wvnpor may alsu bo observed following sumne
burn, thormal burms or heat oxhaustion, and sinco many of these symptoms
may have a strong psychle or suggestive basis, thoir asoription to B -
vopor is ofton quostionablos

. 94, local Effectses In this series of tests, the local renctions
nost Iikely to be oasualiy producing were observed in the exillae end
on the gonitolin, Even the worst axlllary reactions could hardly be
cnlled “"oasunlty producing”e Poin on elsvation of the aym wos present
in tho more sovere casas, but wns nevor of such n dogree as to hinder
o mon significantly wnder tho stress of cambate This pain might be
sufficiont to lowor morgle during routine activitiocs. '
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95, RBany of the poenoscrotal reactions observed in this series of tests were
severe, end whilo not rendering a man yrable 10 take part in emergency
Jefensive combat, would definitely have hindored offensivc operationse
Although these pemscro’cal jesions reachod a casuvalty producing dogree

only after goeveral days,
ot bod roste Hod they be

34 must be recognized that tho men wore kept
en forced to march and carry on reguler military

routino, it is likely that tho 1osions would have developed sooner end

become much moro severce

96. Somo mon suffored from generalized itching, especinlly in hot
woathor, but this was not of cosualty producing magnitudo.
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STIMMARY AND CONCLUSIONS

1.  Basic tests, that 1s, tests with  vapor on mon wearing ordinary
olothing and wnprotected except for masks end, in some ocases, protoc-
tiveshorte, have boon performod wndsr the following exposure conditions:

Terp. Rolative ,

Timw of Year ® Fe Humidity (%) CT

Jon. 1945 100 35 and 65 100

Jane 1945 100 65 ‘ 200

More = Apre 1944 90 65 50 to 250 (300%)
- July 1944 80 . €5 - 50 to 250

Nove 1344 . 90 65 (300%)

Febe 1945 85 30 and 76 (300x)

Jane 1945 80 45 and 85 ’ 200

Jan, 1045 - 80 85 300
" Hove 1944wJen. 1945 70 66 200 to 500 (600%)

Jane 1945 . €0 66 500 to 600 (600~-700%)

* (C-2 Impregnated shorts worn during exposizro to H vapor

2 The system of taking readings and recording data in use at this
Loboratory is describeds It was found that when the temporature of ex-
posure wos varied, the method of toking the maximm'severity of skin re
action, regardless of what body rogilon was involved, as the index of re=

‘actlon to that CT, s no longer opplicables Tho data from thess tests

hos beon evnlunted end discussed in several different ways: (1) desc ipe
tion; (2) total damnpge index, in which regionnl intensity readings are -
weighted on the basls of the emount of skin area involved; and (3) the

poroentage of skin‘area exposed showing moderate erythemn or worse.

Se The severity, type and loocatiom of burns dus to E vepor at o
given CT are influsnced marikodly by the tompsrature of exposure. £t
low temperaturee gso‘ Fe or below), tho burhs are localized and are
limited mainly to the axillae and genitaline At high temperatures

(90° Fo or above), the burns ors generalized and cover most of the body,
The differences in reactidns at high and low temperatures, gs regards
the area of skin involved, is nicely depicted by the totnl damage in-

. dices and percontages of skin aren showing modorate srythoma or worse.

4. From E vnpor exposures at 90° Fe and CT 250 and 100° F axd CT 200,
intense genernlized erythems was observed over most of the body, with
sorotal reactions samewhat more severes At 70° Fe nnd CT 500 and 60° P

and 600 CT, only modorate erythemn wos roduced om most of the body, but
moceration and mild crusting wero produced in the axillas, end severe ulcer-
ated and crusted loelons occurred on the genitalia. -

b Id oontrast to tho pronoumced effoct of terperature on reactions
of the neck ond genmeral body swrface, temperature of exposure did not exert
o mrkod effect en the soverity of burns of the axillase Temperature did,
howover, influence tho confipuration of oxillary burns. Burns ocourring at
low temporatures involved primarily the central oxilln; those at high teme
peratures usually spored the eentral axille and affected the more peripheral

axillary foldse
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6. The effect of the relative humnidity dwrin,, exposurs on the vesicont
power of K wapor on clothed, resting men wns pronounced at 85° F. which is
near the avorage temperature threshoid for geroralizod swoating. The same
effect of RH was evident at 90° Fe but was nit as pronounceds

T Posts at CTs 150, 200 a.nd 250 at 90° Feo, 65% FH, resulted in eppre-
olably more severe reactions when carried out in sumer than when performed

in the spring.

8,  Exposure to H vepor at CTs ebove 500, even under temperate conditions
of exposura (60=70° Fe), and under teapsrate living conditions produced
cirusted and ulcerated leslons of the sorotum and penis in 23 out of 24 wne-
protected mon, These crusted lesions appoarcd at three (3) to five(5) days
end required three (3) to four (4) weeks to hoal in mon at bed reste Cruste
ed lesions of the ponis were less frequent and were slower to appoar, the
avorage boolng 14 days after exposurss CC=2 impregnated shorts completely
protected against genital ilpnjuries.

9 Preoosling men prior to chamter exposure markedly diminighed the
sowority of the skin reactions frau H wvopore This may be one of thn factors
causing less sovere burns in spring tosts than in sumer tests,

10, gssion of wd.llnry swooting by pretreatment of the axills with
‘ o.lumimm chloride resulted, in most cusos, in not only less intense reactions
to H vopor, but also in reactions involving o lesser aren,

1le 4Application of lamlin to the skin, shortly before chember exposure
to effoctive CTs of H vapor, neither increased nor decroo.sed the intensity

of the reactions of swoating or non-sweating mone

12, TWotting of the skin with artificial eweot rosulted in inscreascd sever-
ity of reaction to H vapore

13, Tosts (atarch-iodino mothod) earried out to dotormine mating of

the difforent body areas undor the samo conditlons as the H vapor exposure,
showed a close correlation betweon thoe e nt of swoating and the soverity
of H burns produced on the samo arcas, Low tcnporo.twos (70° Fo), octive
sweat secretion was confined to the po.lms. solosf oxillee, ond genitol re-
glong with the excoption of the polms and solos, those were the arcas most
affected by H vapore At high tomporatures {90° Fe), both swoating ond ¥
vopor burns were genoralizeds The threshold temporature for generalized
swoating and euscoptibility to H vapor for most of the body occurred between
80° and 90° Fe for lightly clothed, resting mon,
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APPENDIX B
Calculation of the Total Damage Index

The following is the method used in calculating the total
damage index, using Test No.9 as an example:

It will be seen from Table VII {Test No. 9) that out of seven
(7) nen, three (3) sustained a mild erythema of the neck (numerical
value=1), two (2) sustained a moderate erythema (numerical value-
2) and two (2) sustained no burn. On a numerical basis for the
group, therefore, the average is 1,0 (3 X 1+ 2X2* 1,0), On the
axillee, one (1) had no burn (=0), four (L) /had mild erythema
(LX1= §) and two (2) had severe erythems (2X3= 6) giving an average
of 1.k (6:4210; 7= 1.t), The method is continued until averages

for all areas involved are obtained,

The average intensities are then multiplied by the "area factors"
given in Table I, Thus, for the neck, the intensity times the "area
factor™ is 1.0 X 2.4z 2.4, for the axillae, 1.4 X 2.8 3.9 etc.

These values (the damnge indicex for each area) are listed in Table
VIII. The sum of the products, then, gives the total damage index

for any one test.

APPENDIX C
Calculation of the Percentage of Exposed Ares Affected

The following is‘ the method used in calculating the pércentage
of exposed arca affected, using Test No. 9 as an exumple;

* It will be seen from Table VII (Test No. 9) that only two (2)
out of se¢ven (7) men sustained burns of the neck of moderate erythemn
or worses The two (2) is multiplied by the "area factor" given in
Table I to give a value of [.8, Similarly for the axillae 2 X 2,8 <
5.6, for the shoulder 1 X 5.97 5.9, etc. Those values are listed in
Table IX, The sum of these values, then, gives the total area
involved for the group, which, divided by the number of men in the
group gives the average percentage of area involved per man.
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